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Abstract 
Novel carriers have been widely used as carriers of protein or peptide antigens. But their low encapsulation efficiency largely 
stalls their use for delivery of these expensive molecules. In the present work with an effort to enhance encapsulation efficiency 
of novel carriers, we developed a novel drug delivery system, liposomes in situ gelling system (LIGS) of biodegradable polymers 
for nasal mucosal immunization against Hepatitis B for induction of cellular, humoral and mucosal immunity. This system is 
conceived from a combination of the polymer and lipid-based delivery systems and can thus integrate the advantages and avoid 
the drawbacks of the two systems. Gel core liposomes were prepared by extrusion method in which the dried lipid film was 
hydrated with aqueous solution of antigen containing 0.3%w/v polymer poly acrylic acid (PAA). Then the one part of prepared 
formulation (gel core liposomes suspended in PAA gel administration medium-liposomes in situ gelling system) will be use as 
such and the other one will be processed for separation of unentrapped polymer and antigen (gel core liposomes). Liposomes 
were characterized for its size, shape, entrapment efficiency, zeta potential and in vitro release. Retention of various formulations 
at nasal site was evaluated by gamma scintigaraphy and uptake via nasal tissue was studied by fluorescent microscopy. Finally in 
vivo study was performed in order to evaluate antigen presentation ability of various formulations by measuring systemic IgG 
(humoral immune response), IgA (mucosal immune response) and cytokine (cellular immune response) by ELISA, following 
nasal administration of various liposomal formulations in Balb/c mice. In addition immune response was compared with alum-
HBsAg vaccine injected intramuscularly. The serum anti-HBsAg titer obtained after nasal administration of LIGS was 
comparable with titer recorded after alum- HBsAg was administered intramuscularly. However, alum-HBsAg vaccine did not 
elicit sIgA in mucosal secretions as it was induced and measured in the case of nasal administration of LIGS. Similarly, there was 
no cellular response (cytokine level) in case of alum-HBsAg vaccine. LIGS produced humoral (both systemic and mucosal) and 
cellular immune responses upon nasal administration. In conclusion, a novel drug delivery system, liposomes in In situ gelling 
system was successfully developed and characterized. The LIGS serves as a means to overcome a major limitation of novel 
carriers with 100% entrapment of recombinant protein antigen, good mucoadhesive property for prolonged retention in nasal 
cavity, enhanced in vitro stability, prolonged antigen release and effective immunoadjuvant property, justifying their use as a 
carrier adjuvant for nasal subunit vaccines.  
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1. Introduction 
In recent years the transdisciplinary interest in novel carriers (liposomes, microparticle, bilosomes, nanoparticles 
etc.) as platform for the delivery of antigens and/or adjuvants has been steadily increasing [1]. When an antigen 
(protein, DNA or RNA based vaccine) is associated with novel carriers a stronger immune response as compared to 
soluble antigen is elicited. An attractive motif of this approach is that novel carrier based delivery systems may 
mimic pathogens that are commonly recognized, phagocytosed and processed by professional antigen-presenting 
cells (APC). Their encounter with novel carriers activates them to migrate to lymph nodes where they present the 
antigen to cells of immune system in order to trigger an associated immune response. 
Among the available options for antigen delivery liposomes has significantly been paid attention as novel vaccine 
adjuvant for the delivery of immunogens due to their safety, biocompatibility, biodegradability and their ability to 
target immunogens to antigen presenting cells. They can control the delivery of drugs by targeting the drug to the 
site of action, by site avoidance drug delivery or by prolonged circulation of drugs, but their use is largely limited 
because of instability and hasty release of antigen content from liposomes [2-4]. Furthermore for the preparation of 
liposomes interior drug is passively trapped. So encapsulation efficiency of liposomes is no high which result in loss 
of expensive molecules (especially protein antigen). In addition the resultant liposomes must be separated by some 
complex step, such as gel permeation chromatography and/or centrifugation [5–8] which further aid in increase the 
cost of product. 
Recently a new concept of drug delivery “in situ gelling system”[8a] (i.e. polymer based formulation of drug that 
will gel following administration and serve as depot for controlled release of encapsulated bioactive) that will gel 
following administration either by varying pH(Poly acrylic acid, Polymethacrylic acid), temp.(poly N-
isoprolpylacrylamide), or presence of specific ion ( alginate that form gel in the presence of Ca due to formation of  
calcium alginate ) being utilized for controlled delivery of various bioactives. 
In recent publication of our group [9] development of gel core liposomes, characterization and evaluation of this 
new delivery system for antigen delivery via intramuscular route for efficient presentation of encapsulated antigen 
was reported. The gel core liposomes were prepared by incorporating poly acrylic acid (pH dependent gelling 
polymer) in the core of liposomal vesicle which shows increased stability, prolonged release of encapsulated 
bioactive and found effective adjuvant for intramuscular delivery of protein antigen. Since during formulation of the 
gel core liposomes unentrapped polymer and antigen was present in continuous phase (which was separated by 
centrifugation during the formulation of gel core liposomes) in which the gel core liposomes was suspended. In the 
present investigation by taking advantage of bioadhesive property (prolog time of contact with nasal mucosa) and 
pH dependent gelling (depot creation for controlled release) we formulated gel core liposomes in gel administration 
medium of poly acrylic acid, termed as liposome in situ gelling system (LIGS) and evaluated for intranasal delivery 
of hepatitis B antigen, for antigen presentation ability via intranasal route. This system will obviate the need of 
complex separation step and also further aid utilization of the entire protein antigen (prevents wastage and offer 
100% encapsulation).   
In the present study we have selected polyacrylic acids (PAA)  since the bioadhesive properties of PAA are well 
recognized [10], Polyacrylic acids interact with mucus and biological surfaces through hydrogen bonding of the 
ionized carbonyl functionalities [11]. In addition because of its bioadhesive properties and pH dependent gelling 
[12], polyacrylic acids have been investigated in nasal dosage forms for the enhancement of intranasal 
bioavailability. 
LIGS system is based on the pH dependent gelling property of PAA it is based on hypothesis that on intranasal 
administration of polymer solution (in sol form at pH- 4.2) at the pH of nasal mucosa (7.4 or 6.8) cause the polymer 
to gel and a depot will be created at the site of injection which will serve the purpose of sustained release of 
entrapped bioactive in hydrogel. In addition it will sustain the release of gel core liposome from hydrogel depot. 
Furthermore bioadhesiveness of the polymer PAA aid retention at the nasal mucosa and facilitate uptake. The 
release of entrapped bioactive from LIGS takes place in three steps (a) release of protein antigen from hydrogel  (b) 
release of liposomes from PAA hydrogel (c) release of  bioactive entrapped in gel core liposomes.     
In the present investigation we have selected nasal route of administration since this route holds great promise for 
the perspective of vaccination due to particular organization of the nasal mucosa [13,14,15,16]. The nasal mucosa is 
the first site of contact with inhaled macromolecules, and the nasal associated lymphoid tissue (NALT) at the base 
of the nasal cavity (Waldeyer’s ring in humans) is important in the defense of mucosal surfaces. Additionally, the 
nasal epithelium is leaky and there are underlying blood vessels, cervical lymph nodes and lymphoid cells to which 
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the macromolecule may have direct access if it can be adequately transported across the epithelium. Moreover lower 
doses are required by the IN route mainly because IN immunization does not expose antigens to low pH and a broad 
range of secreted degradative enzymes as in oral route of vaccination. Furthermore, studies have highlighted the 
presence of a common mucosal immune system, which results in vaccine administration at one site inducing 
immunity at several distant mucosal sites. Hence, nasal mucosal immunization offers significant advantages in terms 
delivery, safety and efficacy, in comparison to traditional systemic delivery of vaccines.  
Aim of work 
The aim of present study was to develop LIGS (liposomes in situ gelling system) system with an effort to 
develop a delivery system that offer 100 % utilization of protein antigen and evaluate the same for antigen 
presentation ability of via nasal route. In this regard a model antigen HBsAg was formulated in LIGS, and in gel 
core liposomes, plain liposomes formulation and alum adsorbed formulation (for comparison). The liposomal 
formulations were characterized for various in vitro parameters. Fluorescent microscopy was a performed to 
evaluate uptake of various formulation via nasal route and gamma scintigraphy was performed to evaluate the ability 
of various formulations to retain at nasal mucosal site. Finally, immunological studies were performed to assess in 
vivo antigen presentation ability of various liposomal formulations to generate effective systemic and mucosal 
immune response for prolonged period of time and compared to the conventional dosing of alum based vaccine. 
2. Material and Method-  
2.1. Materials 
Egg PC, PAA (poly acrylic acid) and FITC-BSA were purchased from Sigma (St. Louis, MO, USA). HBsAg 
(MW 24 KDa) was a kind gift from Shantha Biotech Ltd. (Hyderabad, India). Cholesterol was purchased from 
Himedia, India. Enzyme linked immunoassay kit (AUSAB) and cytokines (IL-2,IL-4,IL-6 and IFN-Ȗ) estimation kit 
was purchased from Abbott Laboratories, USA and e-Bioscience, respectively. All other chemicals and reagents 
were of analytical grade. 
2.2. Liposome preparation 
Liposomes were prepared via extrusion [17] with lipid composition PC and Cholesterol (7:3 molar ratio). Briefly, 
the lipid phase was dissolved in chloroform: methanol; (2:1 v/v) in a round bottomed flask. The resultant dried lipid 
film was rehydrated in either PBS buffer containing antigen (for conventional liposomes) or in a PBS buffer (pH-4.2 
to maintain sol form of polymer) solution containing PAA and antigen (for gel core liposome).All solutions were 
subsequently extruded 25 times back and forth through polycarbonate membranes (400 and 600nm pore diameter), 
to yield conventional liposomes, and gel core liposomes. 
The gel core liposomal vesicles suspended in unentrapped hydrogel and antigen solution was divided in two 
parts. One was used as such for further study (LIGS- Liposomes in situ gelling system). The other one was 
processed for separation of unentrapped polymer and antigen {centrifuged (Hitachi ultracentrifuge, CP Max 100, 
Japan) twice at 25,000×g for 40 min to}, dialyzed against PBS buffer pH-7.4 to induce pH dependent gelling of 
polymer in the core( gel core liposomes)  and then characterize in vitro for various parameters.                              
2.3. Characterization of liposomes 
The average diameter of the liposomal vesicles was measured using Zetasizer (Nano ZS 90, Malvern, UK) at 
25°C by diluting the liposomal dispersion to the appropriate volume with ultrapure water. The zeta potential (an 
indirect measurement of the vesicle surface charge) of the various vesicular formulations was measured in the 
ultrapure water using the same instrument. Samples for transmission electron microscopy (TEM) were prepared at 
room temperature by conventional negative staining method using 0.2% phosphotungstic acid. Samples were 
viewed on a transmission electron microscope (Philips Morgagni, Netherlands). The concentration of protein 
antigen was quantified using the micro biocinchoninic acid assay (BCA) (n=6). Placebo liposomes formulation was 
used as control.   
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2.4. In vitro release studies 
In vitro HBsAg release from various liposomal formulations was studied in phosphate buffer saline (PBS, pH 
7.4). In order to study the in vitro release from liposomes, dialysis method was applied using dialysis membrane of 
25,000–30,000 MWCO (Pall Pvt. Ltd., India). This membrane allows permeation of the protein antigen but retains 
vesicles. An accurately measured amount of various liposomal formulations, were transferred to a glass cylinder 
having the length of 10 cm and diameter of 2.5cm fitted with pre-soaked membrane and placed in a receiving 
compartment containing 50 ml PBS (pH 7.4). The whole set is placed on a magnetic stirrer at 25°C. At 
predetermined time intervals 0.5 ml of the release medium was withdrawn for analysis and volume was 
compensated with PBS (pH 7.4) the protein content from withdrawn sample was estimated by micro BCA method 
(n=6) and the same sample was also used to measure in vitro antigenicity using an enzyme immunoassay (EIA) kit 
(AUSZYME®, Abbott Laboratories, USA) as described by Jaganathan et.al. [18].  
2.5. Determination of the structural integrity of protein antigen 
HBsAg SDS-PAGE was used to examine integrity of antigen. HBsAg was extracted    from various formulations 
and loaded onto a 3.5% stacking gel and subjected to electrophoresis on a 12% separating gel at 200V (Bio-Rad, 
USA) until the dye band reached the gel bottom[19]. The gel was stained with silver staining solution and developed 
using solution of 150 µl of formaldehyde and 1.25 ml of 1% (w/v) citric acid in 250 ml of double-distilled water.  
2.6. In vitro cytotoxicity 
BALB/c monocyte macrophages (J774A.1 cells line) were used to study the cytotoxicity of various liposomal 
formulations. Cell viability was evaluated by measuring the reduction of 3-(4,5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) by mitochondrial dehydrogenase of living cells [20,21]. Cells were treated with 
samples, in triplicate at different concentrations and incubated for 4 h. MTT reagent was added and, after 
incubation, the complete medium was removed and the absorbance measured at 570 nm using a Microplate Reader 
(Molecular devices, USA), after crystals dissolution with DMSO.  The relative cell viability related to control wells 
containing non-treated cells was determined by the following equation: 
 % Cell viability = Asample/ Acontrol X 100                            
  Where ASamples is the absorbance value obtained for cells treated with different vesicular formulations, while 
AControl was the reading obtained when cells were just incubated with Dulbecco’s modified Eagle’s medium 
(DMEM, Sigma Aldrich Co., UK). 
2.7. Fluorescence microscopy and nasal clearance studies 
In order to investigate the interaction of various liposomal formulations (LIGS, gel core liposome and plain 
liposomes) with the nasal tissue [22], liposomes were labeled with FITC-BSA by the same procedure as described 
elsewhere in the text for preparing antigen loaded liposomes and than administered intranasally to fully awake mice.  
The mice were administered with two doses of LIGS, gel core liposomes and plain liposomes suspended in 20 µl of 
water (10µl in each nostril) with 10 min interval. Another group received the equivalent dose of FITC-BSA 
dissolved in water. Mice were killed by cervical dislocation 15 min after the administration of last dose and 5ml of 
formalin was injected into the trachea. Mice nasal mucosa were excised, fixed and finally observed under 
fluorescent microscope (Nikon, Japan). 
2.8. Gamma scintigraphy study- 
Nasal clearance studies were also performed in rabbits and the radio labeling was adopted from procedure 
described by Jaganathan et.al. [18].Various liposomal formulations were radiolabelled with sodium pertechnetate 
containing approximately 20MBq of activity. Lactose powder was labeled and used as a negative control. The 
activities were adjusted so that each 10µl of the formulation would have 2MBq activity at the time of administration. 
The male New Zealand white rabbits were used (n=3). The animals were cared throughout the period of the 
experiment undertaken in the Nuclear Medicine Department of the Jawaharlal Nehru Cancer Hospital and Research 
Center. Bhopal, India. They were housed individually in stainless steel cages, fed with a commercial laboratory 
rabbit diet and had free access to water. The deposition and subsequent clearance of liposomal formulation were 
152  Shailja Tiwari et al. / Procedia in Vaccinology 1 (2009) 148–163 
evaluated by gamma scintigraphy, using a gamma camera (Seimens, E-Cam, Germany) fitted with a low-energy 
(140 keV) collimator at 0, 10, 20, 30, 60 and 120 min. The clearance of liposomal formulation from the nasal cavity 
was evaluated from the decrease in percentage radioactivity against time. An estimate of the half-time in regard to 
nasal clearance (t50%) was determined by interpolation of a plot of percentage nasal radio activity versus time for 
each individual animal [23]. 
2.9. Immunization studies 
The immunogenecity of various antigen loaded liposomal formulations were assessed in BALB/c mice (6-8 
weeks age).  Animals were housed in groups of six (n = 6) with free access to food and water. The study protocol as 
approved by Institutional Animal Ethical Committee of Dr.  Harisingh Gour University, Sagar was followed. The 
studies were carried out as per the guidelines of Council for the Purpose of Control and Supervision of Experiments 
on Animals (CPCSEA), Ministry of Social Justice and Empowerment, Government of India. To evoke an immune 
response 10 µl of antigen loaded various liposomal formulation (immunization protocol is given in table-I) and 
antigen in PBS buffer per animal was inoculated intranasally in small drops. Nasal dosing was performed by using 
sterile micropipette tip and administering into the nostril (10 µl formulation/nostril) of the non-anesthetized animal 
(supine position) and ejecting into the nasal cavity. Care was taken that a new drop was only given when the former 
had been entirely inspired.   
Table-I: Immunization protocol to evaluate the immune response induced following administration of various 
formulations in BALB/c mice(n=6) 
Group  Formulation 
administered 
Route of  
immunization 
No.of 
immunization 
Amount of 
antigen/dose 
Scheduled 
(weeks )      
I PA Intranasal 2x 10µg 0,2 
II Alum-HBsAg intramuscular 2x 10µg 0,2 
III PL Intranasal 2x 10µg 0,2 
IV GL Intranasal 2x 10µg 0,2 
V LIGS-I Intranasal 2x 10µg 0,2 
VI LIGS-II Intranasal X 20 µg 0 
(PA-Plain antigen (Pfs25) in saline, PL-plain liposomes, GL- Gel core liposomes, LIGS-gel core liposomes  in situ 
gelling system) 
2.10. Sample collection 
Blood was collected by retro-orbital puncture (under mild ether anesthesia) after 2, 4, 6 and 8 weeks of primary 
immunization and sera was stored at -40°C until tested by ELISA for antibody. The nasal, vaginal and salivary 
secretions were collected after 6 weeks of booster immunization. A vaginal wash was obtained according to the 
method reported by Debin et al. [24]. Briefly, 50 µl of PBS containing 1% (w/v) bovine serum albumin (1% BSA-
PBS) was introduced into the vaginal tract of non-anesthetized mice using a Gilson pipette. These 50 µl aliquots 
were withdrawn and reintroduced nine times. A second vaginal wash was collected following day and pooled with 
the first one. The nasal wash was similarly collected by cannulation of the trachea of sacrificed mice. The nasal 
cavity was then flushed three times with 0.5 ml of 1% BSA/PBS (pH 7.4). Salivation was induced as described in 
our previous studies [25]. Mice were injected with 0.2 ml sterile pilocarpine solution (10 mg/ml) intraperitoneally.  
The saliva from mice after 20 min was collected using capillary tube. These fluids were stored with 100mM 
phenylmethyl sulfonyl fluoride (PMSF) as a protease inhibitor at -40°C until tested by ELISA for secretory antibody 
(sIgA) levels. 
2.11. Measurement of specific IgG and IgA response 
The concentration of anti-HBsAg antibody in the collected blood sample was determined by using commercially 
available solid-phase enzyme-linked immunoassay kit (AUSAB®, Abbott Laboratories, USA). To signify actual 
antibody concentration (antibody titre) in mIU/ml, a standard curve was prepared using the calibrated anti-hepatitis 
B panel provided by Abbott Laboratories. Antibody response was plotted as log serum anti-HBsAg antibody titres 
(mIU/ml) versus time in weeks. Secretory IgA level in mucosal fluids (nasal, salivary and vaginal) was determined 
by ELISA using slightly modified method as described by Debin et al. [24]. Briefly, microtiter plates (Nunc-
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Immune Plate® Fb96 Maxisorb, Nunc, India) were coated with a solution of HBsAg at 2µg/ml in carbonate buffer 
pH 9.6 for overnight at 4°C. Wells were blocked with PBS-BSA (3% (w/v) for 1h. The plates were washed three 
times with 300 µl of PBS containing 0.05% Tween 20. Serial dilutions of mucosal fluids in PBS-BSA (0.1%w/v) 
were added and the plates were held at room temperature for 2h followed by washing and addition of horseradish 
peroxidase conjugated goat anti-mouse IgA (Sigma, USA). IgA antibodies present in mucosal samples were 
analyzed using 1/10 dilution as the first dilution of the sample. After 1h incubation and washing, 100 µl of o-
phenylenediamine dichloride (OPD; Sigma, USA) in phosphate-citrate buffer pH 5.5 and H2O2 was added as a 
substrate. Colour development was stopped after 30 min via the addition of 50µl of 1N H2SO4 and the absorbance 
was measured at 490 nm. The end point titre was expressed as the reciprocal of the last dilution, which gave an 
optical density at 490nm above the optical density of negative control. 
2.12. Splenocyte culture studies 
The spleens were aseptically removed from euthanised animals and a spleen cells suspension was prepared as 
mentioned elsewhere [26]. These cell homogenates (100 ml) obtained from the four mice of each group were plated 
individually in 96-well tissue culture plates (Fisher, UK) in triplicate, along with 100 ml of RPMI 1640 (Himedia) 
containing soluble HBsAg at the concentration of 2.5 mg/ml.  ELISA Development kit (eBioscience) was used to 
quantify, according to the manufacturer’s instructions, the interleukin concentrations (IL-2, IL-4, IL-6 and interferon 
IFN-Ȗ) in the cell supernatants obtained after 48h of splenocyte stimulation with the soluble antigen at 37°C, in a 
humidified incubator at 5% CO2 environment. 
2.13. Statistical analysis 
Statistical analysis was performed on the data obtained by one-way analysis of variance (ANOVA) with Tukey 
Kramer multiple comparisons post-test using GraphPad InStatTM software.  Throughout, the level of significance 
was chosen as less than 0.05 (i.e., p < 0.05). 
3. Results and discussion 
3.1. Liposomal formulation physicochemical characteristics 
In our previous studies we have demonstrated the potential of gel core liposomes as a vaccine delivery system 
which, along with its low cost, in vitro stability and ability to efficiently present encapsulated antigen to cells of 
immune system supported the choice of gel core liposomes as vaccine delivery systems. Moreover, during 
preparation presence of polymer in the core of vesicles and in continuous medium in which liposomes were 
suspended is of vital importance. Due to its mucoadhesivness to prolog contact with mucosa and pH dependent 
gelling which result in formation of depot at the site of administration that serve the purpose of controlled release of 
bioactive as well as suspended gel core liposomes [9] and may be utilized for the induction of cellular, mucosal and 
antibody-mediated responses. 
In the present investigation by taking advantage of these two properties of PAA we administered gel core 
liposomes suspended in gel administration medium (LIGS- liposomes in situ gelling system we termed) as such 
intranasally and evaluated for antigen presentation ability in terms of humoral, cellular and mucosal immune 
response against model protein antigen (HBsAg). Furthermore the immune response was compared with gel core 
liposomes, plain liposomes, and conventional approach of vaccination i.e. alum adsorbed vaccination.  
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Fig:1- TEM image of gel core liposomes formulation 
Liposomal vesicles presented morphologically unilamellar spherical shape (TEM image Fig-1) and a narrow 
particle size distribution (A very low polydispersity index of less than 0.2 obtained for all the formulations) (Table 
II). Vesicle size of various formulation was recorded to be  0.719±0.23ȝm (n=4) as calculated by particle size 
analyzer for LIGS and gel core liposomes and the size for plain liposomes was recorded to be 0.651±0.56 ȝm. Zeta 
potential of gel core liposomes was significantly lower than that of conventional liposomes (Table-II) indicating that 
some amount of polymer might have adsorbed onto the surface of liposomes during formulation. 
The encapsulation efficiency of protein antigen (HBsAg) in gel core liposomes was 44.32±3.4%, while in the 
case of LIGS the remaining amount of antigen ~ 55% was present in PAA hydrogel suspending medium. The 
encapsulation efficiency of HBsAg in plain liposomes formulation was found to be 37.34±3.8%. 
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Fig: 2-In vitro release profile of various liposomal formulations 
The in vitro release studies were performed in PBS (pH 7.4). The release profile of developed LIGS based 
exhibited triphasic release pattern (Fig. 2). The first phase corresponds to the initial fast release in first 24 hrs (~17-
22%), known as burst release, which was due to the amount of protein present on surface or near to the surface of 
PAA hydrogel. This kind of release is advantageous in case of vaccine delivery, as it gives primary immunization 
effect. The second phase demonstrated constant continuous release of protein that was controlled by diffusion from 
gel and liposomes.  The third phase release was dominated by the degradation of PAA and release of liposomes 
from which the encapsulated antigen release take place and supposed to be responsible to generate booster kind 
effect in in-vivo release. In vitro release pattern of gel core liposomes (Fig-2) depicts gradual release of protein in 
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first 24h during which only 10.32±2.4% of the total protein was released while 25.5±3.1% protein was released 
from conventional liposomes. In vitro release pattern of gel core liposomes revealed that presence of poly acrylic 
acid in the core of vesicle confer sustained release of entrapped molecules, since first the antigen has to release from 
the polymer and then pass through phospholipid layer. However gel core liposomes based formulation is devoid of 
initial burst release but it provide sustained release of bioactive for prolonged period of time (core of polymer inside 
the vesicle serve the purpose of sustained release of bioactive) at the same time plain liposome formulation shows 
the initial burst release (instability of vesicle leads to burst of vesicle at the same time release of all the entrapped 
bioactive takes place) of encapsulated bioactive but sustained release is absent. The in vitro antigenicity of released 
HBsAg was also evaluated by EIA/ protein ratio. The LIGS, gel core liposomes and plain liposomes formulations 
shows EIA/ Protein ratio of 1.0±0.11, 0.98±0.23 and 0.9±0.14 respectively on day 42, alum adsorbed HBsAg was 
used as control. 
Table-II: Particle size, zeta potential and loading capacity of various liposomal formulations (mean±s.d.:n=6)  
      Entrapment efficiency 
Formulation 
Average vesicle 
size 
(ȝm) 
Liposomal 
vesicle 
Gel administration 
medium 
Zeta potential PDI 
CL 1.12±0.64 45.32±3.4% - -10.4±0.21 0.247±0.019 
GC 46.76±2.9% - -36.1±0.16 0.141±0.007 
LIGS 
1.23±0.53 
46.76±2.9% ~54% -36.1±0.16 0.141±0.007 
3.2. SDS-PAGE study- 
In HBsAg antigen-encapsulated liposomal formulations, gel core liposomes were formed under mild processing 
conditions with the most important advantage of avoidance of any thermal process. It offers better flexibility and 
least process related stress on the antigen to be encapsulated. However proteins were exposed to potentially harsh 
conditions (shear force, low pH etc.) which can potentiate degradation, causing alteration of its native structure [9]. 
Therefore, SDS-PAGE (Fig. 3) was used to assess protein integrity after encapsulation. HBsAg is a 24 kDa M-like 
protein therefore, in Fig: 3, its band may be seen near the 21 kDa marker. Protein band patterns of migration 
obtained for native HBsAg antigens and those extracted from loaded liposomal vesicle as well as hydrogel in case of 
Fig:3-SDS PAGE analysis showing integrity of protein antigen HBsAg in various liposomal formulations Lane-
I=plain antigen, Lane-II, Lane-III, Lane-IV antigen extracted from plain liposomes, gel core liposomes, gel 
administration medium. 
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 LIGS are identical, which suggests that protein molecular weights were not affected by the entrapment or 
adsorption techniques  
3.3. Gamma scintigarphy study 
  Gamma scintigraphy is a well established tool for in vivo evaluation for nasal drug delivery. The nasal clearance 
profiles of 99mTc labeled formulations are shown in figure (Fig-4). Polymer vehicles substantially prolonged the 
residence time of radioactive tracer in the nasal mucosa region and LIGS formulation shows maximum retention 
time on nasal mucosa. 
                                               Fig:4- Nasal clearance of various liposomal formulations 
3.4. Fluorescent Microscopy 
This is often reported that more mucoadhesive polymer surface increases cellular uptake, due to its prolonged 
retention and better interaction mucosal surface [22]. Current study exploit LIGS (liposomes suspended in 
mucoadhesive polymer) which also has tendency of pH dependent gelling i.e. gel at nasal site and serve as depot at 
the nasal mucosa for entrapped protein and  suspended gel core liposomes . Furthermore in our previous studies we 
found that during preparation of gel core liposomes some amount of polymer get adsorbed on to the surface of 
vesicles [9] ( confirmed by zeta potential to more negative value as compared to plain liposomes.) which again 
suggest mucoadhesiveness of gel core liposomes.  
In the present study fluorescent microscopy of nasal mucosa was performed to confirm the uptake of various 
liposomal formulations, for this purpose FITC-BSA loaded liposomes were administered intranasally to the mice. 
FITC-BSA solution was also administered nasally and was considered as control. The images of fluorescent 
microscopy are shown in Fig. 5. The results of fluorescent microscopy studies indicate that both LIGS, gel core 
liposomes and plain liposomes were found adhered to the mucosal tissue and may subsequently be taken up by the 
nasal epithelium cells and consequently, it is reasonable to suggest that they could be further transported to the 
submucosa layer. The extent of uptake was more in case of LIGS and minimum in case of plain liposomes.
3.5. Liposomes in vitro cell viability assay 
The cytotoxicity of various liposomal formulations was assessed by determining the viability of cells by MTT 
test on microtitre plates [27].  The liposomal formulations showed no cytotoxicity effect on BALB/c cells (J774A.1 
cell line) in a concentration up to 2.5 mg/ml. Incubation with liposomes led to viability as high as 117% for plain 
liposomes, 110% for gel core liposomes and 108% for LIGS as compared to the control cells. 
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Fig:5-Fluorescent microscopy images showing the uptake of FITC-BSA loaded different liposomal formulations by 
nasal mucosal surface after intranasal administration. (A) soluble FITC-BSA (control); (B) CL (C) GC (D) LIGS. 
3.6. Systemic IgG antibody immune responses  
Two intranasal administrations were conducted to confirm the immunogenicity of the various liposomal 
formulations loaded with model antigen HBsAg. The encapsulation technologies believed to enhance the immune 
response by promoting the antigen uptake by APC or M cells, mucoadhesivness of polymer PAA prolongs the 
contact with mucosa and enhances uptake of antigen. In addition pH dependent gelling property of the polymer 
serve the purpose of forming depot at the nasal inoculation site and provide controlled release of protein antigen to 
further up-regulate immune responses. In the present study different groups were designed for the in vivo study each 
containing 6 mice. Group I kept as controlled, Group II received conventional alum-HBsAg vaccine via 
intramuscular route, group III-IV and V received formulation developed from plain liposomes, gel core liposomes 
and LIGS (liposomes in situ gelling system) via nasal route. 
In addition by keeping in vitro release profile of LIGS in view one more group was designed (LIGS-II) in which 
all the 20µg of the antigen was given with single inoculation and immune response was monitored. Blood samples 
were collected by retro-orbital plexus and processed to obtain serum, in order to estimate IgG level by the use of 
ELISA. IgG titre was calculated from the absorbance obtained as the result to ELISA by the statistical analysis 
methods. Fig: 6A shows the IgG titre obtained with various formulations at different time interval. A tripahsic 
response was observed with LIGS formulation (group-VI without boosting), which was in accordance with the in-
vitro release study that showed the initial high release (due to release of antigen from hydrogel), then a period of 
slow release followed by  sudden higher release (due to release of antigen from gel core liposomes). In the in-vivo 
study this third phase release may have worked as the booster dose that potentiated the IgG titre in the blood plasma. 
The in-vitro release studies exhibited the initial burst release that is required to generate the immune response 
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effectively, as B cell require higher amount to get activated on primary exposure of the antigen, later on slow release 
of the antigen is sufficient to potentiate the immune response.  
Fig:6-Immunonological studies: [A]. Serum antibody (IgG) profile of mice immunized with different formulations. 
[B]. sIgA level in the salivary, intestinal, vaginal and nasal secretion after immunization with various formulations 
In case of LIGS with booster dosing a higher immune response was observed on boosting on day 14th shows 
significance of boosting. However the need of boosting can be eliminated by carefully designing the dose of LIGS. 
Immunological outcomes clearly indicates significantly improved immune response in mice immunized nasally with 
formulations developed from LIGS and gel core liposomes (Fig:6A). Among all formulations, LIGS and gel core 
liposomes exhibited more significant results (IgG titer) in the study as compared to plain liposomes. Plain liposome 
gave poor immunological response, this may be due to the comparatively less stability, quick release of encapsulated 
bioactive and less adherence to nasal mucosa. Moreover, alum-HBsAg formulation dominated in the IgG titre 
through out the studies and liposomes based responses were found to be only comparative to them. No HBsAg 
specific IgG antibodies were detected in serum of animals vaccinated with plain antigen, which emphasized the 
utilization of these liposomal system as an adjuvant for antigens delivery via Nasal route, as they have the ability to 
change HBsAg antigen immunogenicity (Fig. 6A and B). The efficient priming of immune response by LIGS based 
vaccine can be correlated to their higher cellular uptake and controlled release of entrapped protein antigen across 
the mucosal surface. 
3.7. Mucosal immune response elicited by various formulations - 
Fig:6B shows the sIgA titre at day 42 after immunization in various mucosal secretions such as nasal, salivary, 
intestinal and vaginal secretion. In comparative manner LIGS (group V with boosting) were found to be most 
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effective in generation of sIgA antibodies in all cases. Whereas alum-HBsAg formulation, administered 
intramuscularly failed to generate considerable sIgA titre. Earlier studies indicate that efficient vaccination against 
mucosally transferred diseases such as hepatitis B must produce effective level of sIgA at mucosal surfaces [18,22].  
The results ingrained that LIGS and gel core liposomes could serve as efficient delivery system for the generation of 
desired mucosal immunity. Among the two LIGS based formulations (i.e. with and without boosting) the effect of 
boosting is clearly observed as it result in high IgA titer with formulation LIGS-I (with boosting on day 14th) as 
compared to LIGS-II (the formulation without boosting). Furthermore among the various body fluids maximum IgA 
response was found in nasal secretions and minimum was found in vaginal secretions.   
To generate a complete immune response the system should be able to produce the humoral, cellular as well as 
mucosal immunity for effective eradication of pathogen especially those invade via mucosal surface. However LIGS 
would have been the formulation of choice since it is more cost effective as well as offer 100 % utilization of 
antigen. 
3.8. Splenocyte culture studies 
It is generally accepted that the way antigen is delivered to APCs is one of the major factors vital to elicit the 
Th1/Th2 relation [28,29]. Cytokines released from cells play an important role in the activation, growth and 
differentiation of B and T cells, which interact with each other and secrete factors that will stimulate other cell types 
and eventually themselves. Th1 cells secrete interleukin-2 (IL-2), interferon-gamma (IFN-Ȗ) and tumor necrosis 
factor-beta (TNF-ȕ), which will increase gene expression in APC and activate B cells to differentiate and secrete 
IgG2a, while Th2 produces IL-4,IL -5,IL -6,IL -10 and IL-13, IgG1 being the major isotype elicited from B cells 
following activation of Th2 cells. Therefore, Th1 cells are involved in the cell mediated immunity, while Th2 cells 
are related with humoral immunological response [30].  
     From Fig:7 it can be seen that in general the liposomal systems induced an increase of splenocyte response as the 
differences observed in IL-2 and IFN-Ȗ stimulated by gel core liposomal based formulations (LIGS, GC) were 
significant (P < 0.021) as compared to plain liposomes and alum adsorbed formulations. On the other hand alum 
based vaccine mainly act as stimulant of IL-4 and IL-6.The result are in accordance with pervious findings that alum 
based vaccine mainly induce Th2 based adjuvant while liposome based formulations(gel core & plain liposomes) 
also induce generation of Th1 based immune response.  
 Among the liposomal formulations LIGS and GC  induced elevated IL-2 production after spleen cell stimulation 
with soluble antigen (2.5 mg/ml), whose concentration was statistically different from those elicited by the 
remaining experimental formulations plain and alum adsorbed (P < 0.011), except when compared with IL-2 levels 
as a consequence of alum adsorbed antigen dosing (Fig. 7A).  In addition, the differences found in the IL-2 amounts 
are statistically significant for all formulations tested with the exception of the IL-2 induced by GC when compared 
with those elicited in animals vaccinated with LIGS. Even so, LIGS (group V with boosting)  not only elicited the 
highest IL-2 concentration, but also noticeable IFN- Ȗ levels, the latter being statistically higher than those induced 
by all other treated groups (P < 0.001) (Fig:7B), which is in accordance with the IgA antibody levels (Fig:6B). 
Indeed, both Th1 dependent cytokines and their high levels are evidence for the strong cell-mediated immune 
response elicited by LIGS based formulations encapsulated with HBsAg antigens administered intranasally. The 
generation of Th1 cytokine profile is extremely important in permitting the eradication of intracellular pathogen like 
hepatitis B virus, being therefore a useful vaccine for therapeutic immunization of HBsAg. IL-4 production was 
significantly induced by alum adsorbed HBsAg as compared to liposomes based formulations. Among HBsAg 
encapsulated liposomal systems tested LIGS induce significant production of IL-4 (P < 0.001) (Fig. 7B). All antigen 
loaded liposomes induced high levels of IL-6 but those induced by alum based vaccine were statistically higher than 
the IL-6 concentration assessed in all the remaining groups (P < 0.001) (Fig:7B). 
Despite the differences mentioned above, LIGS and GC carriers loaded with HBsAg antigens gave higher 
lymphokine levels when administered intranasally when compared with the immunological responses induced by 
plain liposomes carriers, in accordance with cellular and humoral immune responses, compared to the free antigen, 
successfully activating the paths leading to Th2 and Th1 cells; this highlights the role of these gel core liposomes 
based carriers (LIGS and GC) as an adjuvant and their use in protecting occurrence of disease. 
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Fig:7-HBsAg specific recall responses after stimulation of splenocytes derived from BALB/c mice immunized 
subcutaneously with various liposomal formulation. Cytokine concentration in culture supernatants was determined 
in splenocyte culture stimulated with 5 mg/ml of soluble HBsAg: (A) IL-2 & IFN-Ȗ (B) IL-4 & IL-6 (n =4, mean 
±s.d.) 
       It can be concluded from these results that the prepared systems can be utilized as a potent adjuvant for non-
invasive mucosal immunization through nasal routes. The prepared system is capable to elicit humoral, cellular as 
well as mucosal immune responses and can be a potential carrier system for a number of antigens along with 
HBsAg. Though the humoral response was only comparative to alum based standard but the developed formulation 
gave these results after single dose compare to the booster dose given in case of standard. Moreover, developed 
liposomal carrier systems also elicited significant mucosal and cell mediated immune responses, which were not 
elicited by conventional alum-HBsAg. In addition LIGS offer advantage of 100% utilization of the protein antigen 
and serve the purpose to improve entrapment efficiency which is the main drawback associated with conventional 
novel carriers  
4. Conclusions 
The purpose of this study was to compare the systemic and mucosal immune responses induced after intranasal 
vaccination of mice with LIGS, gel core liposomes, and plain liposomes associated to HBsAg antigen by 
encapsulation methods. These antigens were successfully encapsulated within various liposomal formulations 
without causing any damage in the protein structure. Even so, both LIGS and gel core liposomes induced 
significantly higher specific immune responses to HBsAg antigens, which were confirmed by the in vivo 
immunization study. 
 It would be interesting to combine in a future work the polymer and lipid based systems in order to obtain the 
combined advantage of both at the same time disadvantages associated with both can be avoided. Moreover, LIGS 
are potential nasal delivery systems to vaccinate animals against strangles as humoral, cellular and mucosal immune 
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responses, important for the defense after viral pathogens such as hepatitis virus that invades the host via the 
mucosal surface. 
Acknowledgements  
This work in the Drug Delivery Research Laboratory was supported by University grant commission (Special 
assistance program), New Delhi. Authors are thankful to AIIMS, New Delhi for conducting electron microscopy 
experiments, Shantha Biotech Ltd. (Hyderabad, India) for providing the gift sample of HBsAg. Authors NM and 
AM are thankful to Indian Council of Medical Research, New Delhi and Council of Scientific and Industrial 
Research New Delhi respectively for providing the financial assistance in the form of Senior Research Fellowship.  
References- 
[1]. Storni T, Kundig TM, Senti G, Johansen P, Immunity in response to particulate    antigen-delivery systems, 
Advanced Drug Delivery Reviews. 57(3)(2005) 333-355. 
[2]. Harding CV, Collins DS, Kanagawa O.. Liposome encapsulated antigen engender lysosome processing for class 
II MHC presentation and cytosolic processing for class I presentation. J Immunol,147(1991)2863. 
[3].Frezard F. Liposomes: From biophysics to the design of peptide vaccine. Braz J Med Biol Res 32(1999)181–189. 
[4].Gregoriadis G, McCormack B, Obrenovic M, Saffie R, Zadi B, Perrie Y. Vaccine entrapment in liposomes. 
Methods,19(1999)156–162. 
[5].  Dai C, Wang B, Zhao H,  Li B, Wang J, Preparation and characterization of liposomes-in-alginate (LIA) for 
protein delivery system. Colloids and Surfaces B: Biointerfaces, 47 (2006) 205–210. 
[6]  Huang C, Studies on phosphatidylcholine vesicles: formation and physical characteristics. Biochemistry, 8(1) 
(1969) 344–352. 
[7]  Bangham AD, Standish NM,  Watkins JC, Diffusion of univalent ions across the lamellae of swollen 
phospholipids. Journal of  Molecular Biology, 13 (1965) 238–252. 
[8]. Bangham AD, Lipid bilayers and biomembranes. Annu. Rev. Biochem, 41 (1972) 753–776. 
[8a] Gariépy ER, Leclair G, Hildgen P,  Gupta A and  Leroux JC, Thermosensitive chitosan-based hydrogel 
containing liposomes for the delivery of hydrophilic molecules .Journal of Controlled Release, 21(2002) 373-383. 
[9].  Tiwari S,  Goyal AK, Khatri  K,  Mishra N, Vyas SP. Gel core liposomes: An advanced carrier for improved 
vaccine delivery. Journal of Microencapsulation, 26(1) (2009)75–82. 
[10]. Robinson JR, Longer MA, Veillard M.  Bioadhesive polymers for controlled drug delivery. Ann N Y Acad Sci, 
507(1987)307-314. 
[11]. Mortazavi SA.  An in vitro assessment of mucus mucoadhesive interactions. Int J Pharm, 124(1995)173-182. 
[12]. Dittgen  M, Durrani M, Lehmann K. Acrylic polymers. A review of pharmaceutical applications. S.T.P. Pharma 
Sci, 7(1997) 403–437. 
[13] .Nossal JV. The global alliance for vaccines and immunization-a millennial challenge. Nat Immunol, 1 (2000)5-8 
[14] .McGhee JR, Lamm ME, Strober W. In: Ogra PL, Mestecky J, Lamm ME, Strober W, Bienenstock J. Mucosal 
immune responses.  Mucosal immunology, 2 (1999) 485—506. 
[15] .Davis SS. Nasal vaccines. Adv Drug Deliv Rev, 51(2001)21-42. 
162  Shailja Tiwari et al. / Procedia in Vaccinology 1 (2009) 148–163 
[16] .Partidos CD. Intranasal vaccines: forthcoming challenges. Pharm Sci Technol Today,3(2000)273-80.
[17]. Shuliang Li, Jonathan Nickels, Andre Francis Palmer, Liposome-encapsulated actin–hemoglobin (LEAcHb) 
artificial blood substitutes,Biomaterials 26 (2005) 3759–3769 
[18]. Jaganathan KS,   Vyas SP, Strong systemic and mucosal immune responses to surface-modified PLGA 
microspheres containing recombinant Hepatitis B antigen administered intranasally. Vaccine, 24 (2006) 4201–4211 
[19].  Goyal AK,  Rawat A, Mahor S, Gupta PN,  Khatri K, Vyas SP, Pharmaceutical NanotechnologyNanodecoy 
system: A novel approach to design hepatitis B vaccine for immunopotentiation. International Journal of 
Pharmaceutics, 309 (2006) 227-233. 
[20].  Florindo HF,  Pandit S , Lacerda L. , Gonçalves  LMD, Alpar  HO,  Almeida AJ The enhancement of the 
immune response against S. equi antigens through the intranasal administration of poly-3-caprolactone-based 
nanoparticles. Biomaterials, 30 (2009) 879–891. 
[21]. Florindo HF, Pandit S, Goncalves LM, Alpar HO, Almeida AJ. S. equi antigens 
adsorbed onto surface modified poly-caprolactone microspheres induce humoral and cellular specific immune 
responses. Vaccine,26 (2008) 4168–77. 
[22]. Khatri K, Goyal AK,  Gupta PN, Mishra N, Mehta A,  Vyas SP. Surface modified liposomes for nasal delivery 
of DNA vaccine. Vaccine, 26 (2008) 2225-2233. 
[23]. Soane RJ, Hinchcliffe M, Davis SS, Illum L. Clearance characteristics of chitosan based formulations in the 
sheep nasal cavity. Int J Pharm, 217(2001)183-91. 
[24]. Debin A, Kravtzoff R, Santiago JV, Cazales L, Sperandio S, Melber K,  Intranasal immunization with 
recombinant antigens associated with new cationic particles induces strong mucosal as well as systemic antibody 
and CTL responses. Vaccine,20(2002)2752-63. 
[25] . Jain S, Singh P, Mishra V, Vyas SP. Mannosylated niosomes as adjuvant—carrier system for oral genetic 
immunization against Hepatitis B. Immunol Lett,101(2005)41-9. 
[26]. Florindo HF, Pandit S, Goncalves LM, Alpar HO, Almeida AJ.  S. equi antigens 
adsorbed onto surface modified poly-caprolactone microspheres induce humoral and  cellular specific immune 
responses. Vaccine, 26(2008) 4168-77. 
[27].Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and 
cytotoxicity assays. J Immunol Methods,65(1983)55–63. 
[28].Almeida AJ, Alpar HO. Mucosal immunisation with antigen-containing microparticles. Antigen delivery 
systems: immunological and technological issues.(1997) 207–26.
Shailja Tiwari et al. / Procedia in Vaccinology 1 (2009) 148–163 163
[29]. Szakal AK, Burton GF, Smith JP, Tew JG. Antigen processing and presentation in vivo. Topics in vaccine 
adjuvant research, (2001)11–21.     
[30]. Benoit MA, Baras B, Gillard J. Preparation and characterization of proteinloaded
poly(epsilon-caprolactone) microparticles for oral vaccine delivery. Int J Pharm;184(1999)73–84. 
